ABSTRACT: A pot experiment was conducted under greenhouse conditions at the Hort. Res. Inst., ARC, Giza, Egypt during the two successive seasons 2014 and 2015 to explore the possibility of using humic acid (H) and/or effective microorganisms (EM) instead of NPK chemical fertilization for producing Gardenia jasminoides pot plants.
INTRODUCTION
Gardenia jasminoides, Ellis belongs to family Robiaceae is native to China. It is an evergreen shrub with glossy, bright green leaves and double white highly fragrant flowers, 5-10 cm across commonly borne singly in the leaf axes (Williamson, 1975) . Gardenia grows successfully outdoors and in large containers and it does well indoors as pot plant. It requires a rich, moist acidic (pH 5-5.5) and well-drained soil high in organic matter. In addition, it has poor to low salt tolerance and moderate wind resistance (Kobayashi and Kaufman, 2006) . In regard to landscape uses, Gardenia plants with their glossy, dark green foliage, make a great foundation in the landscape. It is effectively used as either focus or background in informal plantings and is a popular cut flower for the florist. Concerning growing Gardenia indoors, it should receive plenty of bright light, preferably direct sunshine for at least half a day in a sunny south or west window. It prefers temperature close to 16 o C at night and 21-24 o C during the day. Maintain uniform moisture and good drainage in the growth medium (Kobayashi and Kaufman, 2006) .
The role of NPK in augmenting vegetative growth, flowering traits and chemical constituents but delaying flowering date was reported by many authors such as Badran et al. (1989 a) and Abdou (2002) on borage; Badran et al. (1989 b) on calla; Khalil and Helal (1998) on geranium; Badran et al. (2001) , Sayed (2004) and Hassan (2016) on Gladiolus. The positive effect of NPK fertilization was also demonstrated by Ashour (2006) on Ficus elastica; Barsoom (2008) on Voila adorata; Kandeel et al. (2008) on Jasminum grandiflorum; El-Sayed (2012) on Seashore paspalum and Badran et al. (2016) on Moringa oleifera. Meanwhile, the role of humic acid in promoting growth, flowering and/or chemical constituents was obtained on Ficus benjamina (Siraj et al., 2001) ; four ornamental plants (Evans and Li, 2003) ; pot marigold (Azzaz et al., 2007) ; turfgrass plants (El-Sayed et al., 2008 and El-Sayed. 2012 ) Dracaena and Ruscus (Abd-Elfattah et al., 2009); Gladiolus (Ahmed et al., 2013) and Gazania (Yukun et al., 2014) . The stimulating influence of EM was revealed by Thach et al. (1999) The aim of the present investigation was to explore the possibility of using some natural stimulants, like humic acid and effective microorganisms (EM), in replacement of NPK mineral fertilization in producing quality pot plants of Gardenia jasminoides. On the first week of Oct. for each season the following vegetative growth characters and flowering parameters were recorded: plant height (cm), stem diameter (mm), branch number/plant, leaf area (cm 2 ), leaf number/plant, leaves fresh weight/plant, flowering date (day), flowers number/plant and flowers fresh weight/plant (g.).
MATERIALS AND METHODS

Chemical constituent determinations:
The three photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids contents) were colourmetrically determined according to Saric et al. (1976) . While, nitrogen, phosphorus and potassium % were determined by the modified microkjeldahl method (Plummer, 1971 ) for nitrogen; colormetrically (Jackson, 1958) for phosphorus and flame-photometer (Piper, 1950) for potassium. Meanwhile, total carbohydrates were estimated following the method of Dubois et al. (1956) , while each of total indoles and total phenols were determined following the method described by Daniel and George (1972) .
Obtained data for vegetative, flowering and chemical constituent parameters were statistically analyzed according to the L.S.D. method described by Little and Hills (1978) .
RESULTS AND DISCUSSION
Vegetative growth characters:
Obtained data in Tables (1 and 2) showed that all six vegetative growth characters of Gardenia jasminoides plants, namely, plant height, stem diameter, branch number/plant, leaf area, leaves number/plant and leaves fresh weight/plant were significantly increased, in the two seasons, in comparison with those of control plants.
However, the highest values for stem diameter, branch number, leaves number and leaves fresh, weight/plant were given due to NPK and humic + EM treatments, while, the best results for plant height and leaf area were obtained from humic acid and/or EM treatments. These results were almost identical in both seasons, (Tables 1 and 2) . Therefore, it could be said that the humic acid + EM combined treatment was the most overall effective one in producing the tallest plants, thickest stems, most branch and leaves number and leaf area and heaviest leaves fresh weight. The increase in plant height, stem diameter, branch number, leaf area, number of leaves and leaves fresh weight due to such treatment (H+ EM) reached 48.5, 22.5, 48.8, 31.7, 34 .1 and 14.1% in comparison with control treatment in the first season. Similar trend was observed in the second season as clearly shown in Tables (1 and 2 ). (Thach et al., 1999) ; borage (Abd-Elraoof, 2009); Jojoba (Ashour, 2010) ; Seashore Paspalum (El-Sayed. 2012); pot marigold (Ali, 2013) ; Lavander (Abd-Ellatif, 2014); three container plants (Wang et al., 2015) and Gladiolus (Hassan, 2016) .
Flowering parameters:
Flowering date was differently and significantly influenced by the examined fertilization treatments in the present investigation as NPK treatment caused significant delay (9.8 and 12.6 days in the first and second seasons, respectively) in regard to unfertilized treatment, (Table 3) . In contrast, humic acid, EM and humic + EM treatments produced significantly earlier flowers than those of unfertilized plants (about 8-10 days in the first season and 8-9 days in the second season) as illustrated in Table ( 3). Concerning number of flowers/plant and flowers fresh weight/plant, both flowering parameters were dramatically increased , in the two seasons, due to all four tested treatments comparing to control treatment. Both number and fresh weight of flowers, for each one of the four fertilized treatments were almost gave as much as double values of those recorded for control plants. However, NPK and humic + EM treatments were superior to humic or EM treatments as clearly indicated in Table ( 3).
In accordance with these findings concerning NPK were those found by Badran et al. (1989a) and Abdou (2001) 
Chemical constituents:
Photosynthetic pigments: Table ( 4) showed that the contents of the three photosynthetic pigments, chlorophyll a, chlorophyll b and carotenoids in the leaves of Gardenia plants were significantly promoted due to NPK, humic acid, EM and humic + EM treatments in comparison with those of control treatment in both first and second seasons. Among such four treatments, NPK gave significantly higher values, for the three pigments in both seasons, than those recorded by humic and/or EM treatments as illustrated in Table  ( 
Leaves percent of N, P and K:
Leaves percent of nitrogen, phosphorus and potassium were greatly and significantly stimulated as a result of supplying Gardenia plants with NPK, humic acid, EM and humic + EM treatments over the control plants as illustrated in Table (5) . Among the prementioned four treatments, NPK gave significantly higher N, P and K % values than the other three treatments. Moreover, such three treatments did not show significant differences. All above mentioned results proved to be true in the two seasons as shown in Table ( 5). The role of NPK fertilization in promoting nitrogen, phosphorus and potassium % was revealed by Badran et al. (1989b) on calla; Badran et al. (2001) and Sayed (2004) on Gladiolus; Barsoom (2008) on Viola odorata; Kandeel et al. (2008) on Jasminum grandiflorum and Badran et al. (2016) on Moringa oleifera. While that of humic acid was reported by Siraj et al. (2001) . El-Sayed et al. (2008) ; Abd-Elfattah et al. (2009) and El-Sayed (2012) on Ficus benjamina, tifway sod, Dracaena and Seashore Paspalum, respectively. Similar response of N, P and K % to EM application was mentioned by AbdElraoof (2009), Ashour (2010) , Ali (2013) , Abd-Ellatif (2014) and Hassan (2016) on borage, jojoba, pot marigold, lavander and Gladiolus, respectively.
Total carbohydrates %:
Table (6) showed that total carbohydrates % was significantly increased in both seasons, due to the four tested fertilization treatments (NPK, humic acid, EM and humic + EM) over control treatment. However, NPK treatment was much more effective than the other three treatments as it increased carbohydrates % by nearly 100 % over control treatment, while the other three treatments increased it by more than 50%. These results proved to be true in the two experimental seasons, (Table 6 ). In close agreement with these results concerning NPK were the findings of Khalil and Helal (1998) on geranium, Sayed (2004) and Hassan (2016) on Gladiolus; Kandeel et al. (2008) on Jasminum grandifloruum and El-Sayed (2012) (2012) on Seashore Paspalum. Accordingly, EM was found to promote carbohydrates % as reported by El-Sayed (2012) and Hassan (2016) on Seashore Paspalum and Gladiolus, respectively.
Total indoles and total phenols:
Both total indoles and total phenols were significantly promoted, in both seasons, due to supplying Gardenia plants with NPK, humic acid, EM or humic + EM fertilization treatments in comparison with those of control plants. Among the four mentioned treatments, NPK was superior significantly over the other three treatment. Moreover, the combined humic + EM treatment gave higher values of indoles and phenols than each one alone. These results were almost identical for both first and second seasons as indicated in Table ( 6) . In agreement with these results, regarding NPK were those of Ashour (2006) on Ficus elastica and ElSayed (2012) on Seashore Paspalum, concerning humic acid those of El-Sayed (2012) on Seashore Paspalum and regarding EM were the findings of Ashour (2010) , ElSayed (2012) and Abd-Ellatif (2014) on jojoba, Seashore Paspalum and lavander, respectively.
In order to explain the beneficial roles of NPK fertilization in enhancing growth, flowering and chemical constituents of Gardenia jasminoides, Ellis plants, it is convenient to refer , in brief, to the physiological roles of these elements, which considered to be the most common macronutrients in plant growth and development. Nitrogen is a constituent of all proteins, many enzymes and energy transfer materials such as chlorophyll, ADP and ATP. Growing plants must have nitrogen to form new cells and the rate of growth then becomes very nearly proportional to the rate at which nitrogen is supplied. Also, photosynthesis can produce soluble sugars from CO 2 and H 2 O, but the process cannot go on to the production of protein in absence of nitrogen. Thus, a severe shortage of nitrogen will halt the process of growth and reproduction (Bidwell, 1974) . Phosphorus, which has been called the key to life, is essential for cell division and the development of meristimatic tissue and it is very important for carbohydrate transformation due to multitude of phosphorylation reaction and to energy rich phosphate bond (Lambers et al., 2000) . Phosphorus compounds are essential for photosynthesis, the interconvention of carbohydrates and related glycolysis, amino acid metabolism, fat metabolism and biological oxidation. Lack of phosphorus, therefore, hampers metabolic processes such as the conversion of sugar into starch and cellulose (Devlin, 1972) . Potassium is important for growth and elongation probably due to its function as an osmoticum and may react synergistically with IAA. Moreover, it promotes CO 2 assimilation and translocation of carbohydrates from the leaves to the storage tissues (Mengel and Kirkby, 1987) .
Humic acid, nowadays, is widely used for production of most crops, namely, vegetables, fruit trees, field crops, medicinal and aromatic plants, flowers and ornamental plants, as well as, indoor container plants. Humic acid provides soil microbs with energy, increases the availability of nutrients in the soil through its influence on soil microbial activity, release more nutrients necessary for healthy growth, decrease phosphate fixing capacity of the soil, improves nutrients retention in the soil, enhances water holding capacity, improves soil structure and acts as a source of N, P and S for plants (Heng, 1989; Higa and Wididana, 1991 and Dorer and Peacock, 1997) .
A commercial Japanese product, effective microorganisms (EM) is a biostimulant that contains more than 60 selected strains of effective microorganisms, viz, photosynthetic bacteria, lactic acid bacteria, yeast, actionomytes and various fungi that improves growth and health of plants (Primavesi, 1999) . It have been introduced to the organic farming system in many countries, including Egypt. Treatment with EM led to larger stems. Darker green leaves and accelerated flowering. It is also effective in creating humus and improving soil properties, increasing plant disease resistance and may play a role in enhancing the enzymatic system in the plant tissues and consequently enhancing growth (Thach et al., 1999 and Janas, 2009 ). Furthermore, Primavesi (1999) suggested that EM promotes stroma lamella formation, chlorophyll appearance during normal leaf growth and stimulates total sugars, as well as, total indoles and total phenols.
